The Titan laser, designed to produce up to 600 J with pulses of 0.4-200 ps, has begun initial target shots. Coupled with a kJ long-pulse beam, Titan will support high-energy-density physics research at LLNL. The Titan laser is a new addition to the Jupiter Laser Facility at LLNL. Titan achieves its high-energy amplification through one beamline of the Janus laser, which is a highenergy, two-beam Nd:glass laser with 15-cm clear aperture disk amplifiers as the output stage. Both Janus beams are designed to reach 1 kJ of output energy with pulse durations of several nanoseconds. For Titan, chirped pulse amplification (CPA) capability was added to the west beamline, enabling generation of pulses of 0.4-200 ps with energies up to 600 J. The pulses are compressed with large-area (40x80 cm) multilayer dielectric diffraction gratings. Both beams will be delivered to a new target chamber that will support crossing angles of 35° to near 180°. Titan first light was accomplished in June 2005 with initial target shots in October.
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The Titan design was optimized to produce maximum irradiance on target given the size of the diffraction gratings, geometrical considerations, and the performance of the Janus beamline. The pulse compressor is a two-pass, two-grating system with a single flat retro mirror. The diffraction gratings are 1780 l/mm, 40-cm by 80-cm aperture multilayer dielectric gratings. These provide higher throughput and damage threshold than gold gratings and are used for the first time in the Titan short pulse compressor. They are operated at a 73.5° angle of incidence. As the angle is decreased, the efficiency and damage threshold drop, but the throughput increases due to the larger projected area. This angle of incidence gives 7˚ between input and diffracted beams, which is the minimum we could use and still get the beams in and out. The beam is sent through the compressor with a slight vertical (non-dispersion axis) angle of 0.75˚. This allows us to increase the beam diameter from ≈18 cm to 25 cm at the cost of only a 4% vertical spatial chirp.
To add short pulse capability, a new front-end laser system was required. Pulses from a commercial oscillator (~200-fs) are sent to an Offner pulse stretcher to increase the pulse duration to 1.6-ns FWHM with a 390-ps/nm chirp-parameter. A three-stage Optical Parametric Chirped Pulse Amplifier (OPCPA) boosts the energy from 1 nJ to 20 mJ. The pump laser for our OPCPA stages is a custom-designed injection-seeded laser with up to a2645_1.pdf JTuG3.pdf 1-55752-813-6/06/$25.00 ©2006 IEEE 1.5 J of 1.05-µm output at 5Hz. A BBO crystal produces 0.8 J of 0.53-µm light to pump the OPAs. The 20 mJ OPCPA output is injected into Nd:glass amplifiers including a 25-mm rod, two 50-mm rods, a double-pass 9.4-cm disk, a single pass 9.4-cm disk, and a 15-cm disk amplifier. Faraday rotators and Pockels Cells are used to protect the system from damage due to back reflections. A magnifying telescope increases the beam size to 25-cm and transports it to the vacuum compressor diffraction grating system. After compression, an f/3 off-axis parabola focuses the short pulse beam in a new target chamber. The current dielectric-coated near-normal-incidence parabola has a lower damage threshold than the gratings or 45˚ transport mirrors. It limits our high-energy short-pulse shots to approximately 200 J at 400 fs. With the 1.6-ns stretched pulse duration and a fill factor of 0.6, long-pulse (>20 ps) shots are currently B-integral limited (B=2) to 410 J.
Like most CPA systems implemented on existing large-area glass lasers, Titan has a radial group delay error due to the lenses in the spatial filter relays. The magnitude is approximately 400 fs from center to edge. A compensating optical system has been designed, but not yet implemented.
This talk will cover details of the laser system design including grating performance, optics damage thresholds, diagnostics, results of the system activation, and a discussion of the ongoing experiments.
